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Summary 1 
 2 
1. Conservation decision-makers face a trade-off between spending limited funds on direct 3 
management action, or gaining new information in an attempt to improve management 4 
performance in the future. Value-of-information analysis can help to resolve this trade-off 5 
by evaluating how much management performance could improve if new information was 6 
gained. Value-of-information analysis has been used extensively in other disciplines, but 7 
there are only a few examples where it has informed conservation planning, none of which 8 
have used it to evaluate the financial value of gaining new information. 9 
2. We address this gap by applying value-of-information analysis to the management of a 10 
declining koala Phascolarctos cinereus population. Decision-makers responsible for 11 
managing this population face uncertainty about survival and fecundity rates, and how 12 
habitat cover affects mortality threats. The value of gaining new information about these 13 
uncertainties was calculated using a deterministic matrix model of the koala population to 14 
find the expected population growth rate if koala mortality threats were optimally managed 15 
under alternative model hypotheses, which represented the uncertainties faced by koala 16 
managers.  17 
3. Gaining new information about survival and fecundity rates and the effect of habitat cover 18 
on mortality threats will do little to improve koala management. Across a range of 19 
management budgets, no more than 1.7% of the budget should be spent on resolving these 20 
uncertainties.  21 
4. The value of information was low because optimal management decisions were not sensitive 22 
to the uncertainties we considered. Decisions were instead driven by a substantial difference 23 
in the cost efficiency of management actions. The value of information was up to forty times 24 
higher when the cost efficiencies of different koala management actions were similar.  25 
5. Synthesis and applications. This study evaluates the ecological and financial benefits of 26 
gaining new information to inform a conservation problem. We also theoretically 27 
demonstrate that the value of reducing uncertainty is highest when it is not clear which 28 
management action is the most cost efficient. This study will help expand the use of value-29 
of-information analyses in conservation by providing a more tangible metric by which to 30 
evaluate research or monitoring. 31 
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Introduction 55 
Deciding how to manage species that are under threat requires combining ecological knowledge 56 
with knowledge of time constraints, stochastic events, financial budgets, stakeholder perspectives, 57 
legal issues and government processes. Combining these components would be relatively 58 
straightforward if we knew everything. However, uncertainties surround all environmental 59 
management problems (Regan, Colyvan & Burgman 2002), and management decisions that do not 60 
account for such uncertainties may be sub-optimal, or in the worst case, ineffective (McDonald-61 
Madden et al. 2010b).  62 
A common way to reduce uncertainties about a species or ecosystem being managed is to gain 63 
new information. However, not all uncertainties faced by environmental managers are equally 64 
important to reduce. The most important uncertainties are those that, when reduced, will encourage 65 
a change to a more effective management strategy (e.g. Runting, Wilson & Rhodes 2013). New 66 
information is of little management value if it does not change the management strategy 67 
implemented in the absence of new knowledge. There are two main reasons why new information 68 
may not change a management strategy. The first reason is that monitoring programs do not always 69 
adequately consider why, what and how monitoring should be carried out (Yoccoz, Nichols & 70 
Boulinier 2001), which can lead to the inability to detect ecologically significant changes (Legg & 71 
Nagy 2006), or information that is irrelevant to management decisions (McDonald-Madden et al. 72 
2010a). The second reason is that management decisions can be driven by non-ecological factors. 73 
For example, managers typically choose actions that are the most cost efficient; where cost 74 
efficiency refers to the amount of environmental goods conserved per unit of money spent (Lindsey 75 
et al. 2005). If new information does not substantially change the cost efficiency of alternative 76 
management actions, it is unlikely that the decision made in absence of new information would 77 
change. In such cases, new information will not improve management performance (e.g. Lindsey et 78 
al. 2005).  79 
Allocating resources to gaining new information that does not improve management 80 
performance is problematic because investing in information-gain can reduce the resources 81 
available for direct management action. Consequently, the decision to invest in gaining new 82 
information should be made with an understanding of the associated opportunity costs. The 83 
opportunity costs might be other actions that could have resulted in a greater improvement in 84 
management performance than investing in information-gain (Grantham et al. 2009); for example, 85 
restoring habitat, enforcing catch limits, or raising the profile of an endangered species. One 86 
approach that directly considers the opportunity costs associated with making a decision is value-of-87 
information analysis (Raiffa & Schlaifer 1961), an approach first developed by economists over 88 
half a century ago. This approach has been used extensively in medicine (Yokota & Thompson 89 
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2004), engineering (Bratvold, Bickel & Lohne 2009) and land remediation (Dakins et al. 1996) to 90 
quantify the upper monetary limit worth investing in information-gain before making a 91 
management decision. Value-of-information analysis has also been used in fisheries management to 92 
quantify the expected increase in fishing yield due to reducing uncertainty about stock abundance 93 
(Clark & Kirkwood 1986; Punt & Smith 1999), the stock–recruitment relationship (Kuikka et al. 94 
1999; Mäntyniemi et al. 2009; Costello et al. 2010), and the future demand for stock (Forsberg & 95 
Guttormsen 2006). 96 
Despite the apparent benefits of using value-of-information analysis, and the range of 97 
uncertainties that can affect conservation outcomes, there are only a few examples outside of 98 
fisheries management where this approach has been used to inform conservation planning 99 
(Williams, Eaton & Breininger 2011; Moore & Runge 2012; Runge, Converse & Lyons 2011; 100 
Runge et al. 2011). One of the impediments to broader application is that value-of-information 101 
calculations, which are expressed in the units of the decision-maker’s performance metric, are not 102 
as clear when the performance metric is non-monetary. The performance of a conservation plan is 103 
often measured in some ecologically relevant metric, such as likelihood of species persistence 104 
(Harris et al. 2012). When the value of information is expressed as an expected increase in species 105 
persistence from reducing uncertainty, it is difficult to know how much this improvement is worth 106 
in financial terms. Translating the ecological benefits of reducing uncertainty surrounding a 107 
conservation problem into a financial value would allow managers to better assess the trade-off 108 
between information gain and direct management action, and improve the utility of value-of-109 
information analysis for conservation.  110 
In this study we calculate the ecological value of reducing uncertainty surrounding a 111 
conservation problem, and translate it into a financial value. Our case study concerns the 112 
management of a declining koala Phascolarctos cinereus population in south-east Queensland, 113 
Australia. We show what koala mortality threats should be made research priorities and how much 114 
a decision-maker should be willing to invest in gaining more information about koala survival and 115 
fecundity rates, and the effect of habitat cover on koala mortality threats. More generally, we 116 
explore the relationship between ecological uncertainty and the cost efficiency of alternative 117 
management actions, and theoretically demonstrate that the value of information is highest when it 118 
is not clear which management action is the most cost efficient. 119 
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Materials and methods 120 
STUDY SPECIES AND SITE 121 
Koalas are tree-dwelling marsupials that inhabit forest, woodland and semi-arid communities 122 
dominated by Eucalyptus species (Martin & Handasyde 1999). They are endemic to Australia and 123 
populations vary geographically in their conservation status. (DSEWPC 2012). The ‘Koala Coast’ 124 
is a 375km2 region in the south-east Queensland bioregion, which was home to approximately 6200 125 
koalas between the years of 1996 and 1999 (Dique et al. 2004). However, intensive urbanisation 126 
has since reduced and fragmented the koala habitat in this region. This has led to an increase in 127 
koala mortality from vehicle collisions, dog attacks and increased prevalence of potentially stress-128 
related diseases (primarily Chlamydia psittaci) (Thompson 2006; DERM 2010). Consequently, the 129 
Koala Coast koala population has suffered a 68 percent decline between 1999 and 2010 (DERM 130 
2010), and is now listed as vulnerable under the Environment Protection and Biodiversity 131 
Conservation Act and the Nature Conservation Act (DSEWPC 2012).  132 
Managers of this koala population face uncertainty about survival and fecundity rates, and the 133 
influence of habitat cover on mortality threats. We used value-of-information analysis to calculate 134 
how much management performance could improve if these uncertainties were resolved. The first 135 
step of our analysis involved using a decision theory framework to find an optimal management 136 
strategy under existing uncertainty (Possingham 2001). The framework included: (1) a management 137 
objective, (2) potential management actions, (3) alternative population models of the Koala Coast 138 
system to represent the uncertainties faced by koala managers, and (4) an algorithm to find optimal 139 
management strategies for different budget levels. 140 
 141 
MANAGEMENT OBJECTIVE AND ACTIONS 142 
The management objective for this study was to maximise koala population growth rate in the 143 
Koala Coast. To achieve this objective, we simulated a management strategy by allocating a budget 144 
between the following management actions: (1) erecting fences, nature bridges and underpasses to 145 
prevent vehicle collisions (Caneris & Jones 2004), (2) providing funding for residential enclosures 146 
to prevent dog attacks (B. Carter pers. comm.), and (3) restoring habitat, which involves purchasing 147 
or restoring koala habitat. Restoring habitat indirectly reduces stress-induced disease-related 148 
mortality, while also indirectly reducing vehicle collisions and dog attacks (DEHP 2012). These 149 
three actions are currently being implemented in the Koala Coast to varying degrees.  150 
 151 
THE POPULATION MODEL  152 
The response of the koala population to a management strategy was modelled using a deterministic 153 
age-structured matrix population model (Caswell 2001) of female koalas inhabiting the Koala Coast 154 
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(Rhodes et al. 2011). To estimate the parameters of this model, two data sets were used: radio-155 
tracking data from 1996 to 2000 (Dique et al. 2003; Thompson 2006), and survey data showing 156 
population density in 1996 to 1999 (Dique et al. 2004), 2005 to 2006 (EPA 2007), and 2008 157 
(DERM 2009). These data provided information on birth rates, survival rates and causes of 158 
mortality for female koalas in the population, from which mortality and fecundity rates were 159 
estimated to construct the following: 160 
    (1) 161 
where Di,t  is the density (individuals per hectare) at time t of age class i (where age class 0 = 0–1 162 
year olds (juveniles), age class 1 = 1–2 year olds (sub-adults 1), age class 2 = 2–3 year olds (sub-163 
adults 2), and age class 3 = 3+ year olds (adults)); Si is the annual per-capita survival rate for koalas 164 
of age class i; and Fi is the annual per-capita birth rate for age class i females (Rhodes et al. 2011). 165 
The koala population growth rate was obtained by calculating the dominant eigenvalue of the 166 
transition matrix (middle matrix) in Equation 1.  167 
The population model included cause-specific mortality rates based on key threats (Ng et al. 168 
2014). The mortality probability due to cause k for age class i can be written as:  169 
 170 
(2) 171 
where Ci,k is the probability that, given a mortality event, it arises due to cause k for age class i; and 172 
Mi is the unconditional mortality probability for age class i. The causes of mortality present in the 173 
region and incorporated into the model are; natural (k = 1), vehicle-related (k = 2), dog-related (k = 174 
3), or disease-related (k = 4). The probability that individual mortality in age class i is due to cause 175 
k is related to forest cover as follows: 176 
  177 , if  i = 0 and k = 1,      (3) 178 , if  i = 0 and k = 2, 3 or 4,  179      180 , otherwise 181 
 182 
 183 
 184 
where, FOR is the proportion of forest surrounding a location; is the intercept for mortality 185 
arising from cause k; and is a coefficient for the effect of forest cover (FOR) on the mortality due 186 
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to cause k (see Rhodes et al. 2011 for more details). In the absence of other information, we 187 
assumed that mortality for dependant juvenile koalas (age class 0) only occurred due to natural 188 
causes.  189 
 190 
DESCRIBING THE UNCERTAINTIES  191 
This study considered two sources of uncertainty surrounding the Koala Coast koala population. 192 
First, we considered structural uncertainty: uncertainty about which koala mortality threats are 193 
related to habitat cover. Describing structural uncertainty required exploring the range of possible 194 
relationships that could exist between habitat cover and koala mortality threats. To do this, eight 195 
alternative structures of the koala population model were built. Each model structure differed in the 196 
influence of habitat cover on natural, vehicle-, dog- and disease-related mortalities (Table 1). 197 
Deviance Information Criterion was used to calculate model weights for each of the eight model 198 
structures (see Rhodes et al. 2011 for more details), and were used in the current study to describe 199 
structural uncertainty. The second source of uncertainty we considered was parametric uncertainty: 200 
uncertainty about koala survival and fecundity rates. Describing parametric uncertainty required 201 
considering the range of plausible values for koala survival and fecundity rates in the Koala Coast. 202 
Markov Chain Monte Carlo simulation was used to derive a prior distribution of both survival and 203 
fecundity rates under each of the eight model structures (see Rhodes et al. 2011). The current study 204 
randomly drew from these distributions 1000 times to describe parametric uncertainty. 205 
 206 
FINDING OPTIMAL MANAGEMENT STRATEGIES  207 
The improvement in koala survival rate due to investment in each of the three management actions 208 
has been estimated previously, such that:  209 
        (4) 210 
where Si is the survival rate of koalas in age class i after investment (xm) in action m; Mi,k is the 211 
probability of koalas in age class i dying due to cause k prior to investment xm (Equation 2); and the 212 
function fi,k,m(xm) is a return-on-investment equation that describes how mortality due to cause k, for 213 
age class i is reduced after investment (xm) in action m (Ng et al. 2014). The return-on-investment 214 
equations assumed diminishing marginal returns with increasing levels of investment in each action 215 
(Ng et al. 2014) (see Appendix for more details). Using Equation 4, we modelled the expected 216 
change in koala population growth rate due to management effort. A multidimensional 217 
unconstrained nonlinear optimisation algorithm (‘fminsearch’ function in Matlab Version R2012a 218 
(Mathworks 1984-2010)) was used to search across different levels of investment in each of the 219 
three koala management actions to find the maximum population growth rate possible for a fixed 220 
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budget.  221 
 222 
VALUE-OF-INFORMATION ANALYSIS 223 
The Expected Value of Perfect Information (EVPI) identifies the maximum amount of resources 224 
worth investing in resolving uncertainty by estimating the improvement in management 225 
performance if you could resolve all specified uncertainty about the system being managed (Clemen 226 
1996; Yokota & Thompson 2004). The expected improvement in koala management performance if 227 
all parametric and structural uncertainty was resolved was found by calculating the EVPI: 228 
       (5)  229 
where s is a model of the system, a is the management strategy taken and λ(a,s) is the expected 230 
population growth rate after taking strategy a under model s (Yokota & Thompson 2004). EVPI 231 
was calculated separately for 40 management budgets, increasing in $5 million increments from $5 232 
million to $200 million Australian dollars. The first term in Equation 5 represents the expected 233 
management performance if all parametric and structural uncertainty was resolved. We calculated 234 
this by finding strategies that led to the maximum expected population growth rate for each of the 235 
parameter draws, under each of the eight model structures. The weighted average across models 236 
was then calculated to obtain the expected management performance if the uncertainties were 237 
resolved. The second term in Equation 5 represents the expected management performance with 238 
current levels of information. We calculated this by performing the optimisation once to find a 239 
weighted expected population growth rate across all parameter draws, across all model structures.  240 
The Expected Value of Perfect Partial Information (EVPXI) allows the user to isolate 241 
components of a source of uncertainty, and then estimate the value of resolving these components 242 
individually (Yokota & Thompson 2004). To calculate EVPXI:   243 
        (6) 244 
where si is a structural model subset and  is the complementary set of structural models (Yokota 245 
& Thompson 2004).  One aim of this study was to quantify how much management performance 246 
could improve if structural uncertainty that surrounds koala management in the Koala Coast could 247 
be resolved. To do this, we used EVPXI to evaluate the benefits of knowing what koala mortality 248 
threats are related to habitat cover, while leaving parametric uncertainty unresolved. Another aim of 249 
this study was to identify which component of structural uncertainty is the most valuable to resolve. 250 
To calculate EVPXI for this question, model structures were grouped into one of the following 251 
categories: habitat cover affects vehicle-related, dog-related, or disease-related mortalities (Table 252 
1). Then, for example, si in Equation 6 referred to model structures that assume habitat cover affects 253 
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vehicle-related mortality, and  referred to model structures that assume habitat cover does not 254 
affect vehicle-related mortality.  255 
 256 
CALCULATING THE FINANCIAL VALUE OF INFORMATION 257 
We converted all improvements in population growth rate due to resolving uncertainty into 258 
financial values of information, which showed how much these improvements would cost using 259 
direct management action alone. To calculate financial values of information, the optimisation 260 
outlined above was reformulated. Instead of finding the strategy that gave the maximum population 261 
growth rate for a fixed budget, strategies were optimised to find the minimum budget required to 262 
reach a target growth rate in the face of uncertainty. A constrained nonlinear multivariable 263 
optimisation algorithm was used to do this (‘fmincon’ function in Matlab Version R2012a 264 
(Mathworks 1984-2010)). The target growth rate was initially set to the expected population growth 265 
rate with current levels of information, and the minimum budget required to reach that population 266 
growth rate was found. The target growth rate was then changed to the expected population growth 267 
rate with uncertainty resolved, and the minimum budget required to reach that population growth 268 
rate was found. Subtracting the budget required to reach an expected population growth rate under 269 
the two information-state scenarios gave the financial value of information. 270 
 271 
SENSITIVITY ANALYSIS 272 
Habitat restoration is expensive in the Koala Coast due to the high residential value of land in the 273 
region. Preventing vehicle collisions and dog attacks is comparatively very cheap, which makes 274 
them much more cost effective than habitat restoration. In fact, reducing vehicle- or dog-related 275 
mortality probabilities is 1000 to 10,000 times more cost effective than reducing disease and natural 276 
mortality probabilities using habitat restoration (Ng et al. 2014). This is not always the case in 277 
conservation. Sometimes management actions are similarly cost effective, or it is not known which 278 
management action is the most cost effective. To understand how the value of information may 279 
respond to such conditions, a sensitivity analysis was carried out on the cost efficiency of the 280 
alternative koala management actions. This involved running value-of-information analysis 281 
multiple times. For the first run, we used the current cost of habitat restoration in the Koala Coast. 282 
For subsequent runs, this cost was divided by 10, 50, 100 to 900 (in increments of 100), 1,000 to 283 
9,000 (in increments of 1,000), & 10,000 to 100,000 (in increments of 10,000). Reducing the cost of 284 
habitat restoration in this way allowed us to evaluate the benefits of gaining new information when 285 
there was a large difference in the cost efficiency of alternative management actions, and when 286 
management actions were similar in their cost efficiency.  287 288 
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Results 289 
In the face of parametric and structural uncertainty, the optimal koala management strategy 290 
depended on the budget level (Fig. 1a). For budgets between $5 million and $45 million, it was 291 
optimal to allocate 88% of the budget to preventing vehicle collisions, 12% of the budget to 292 
preventing dog attacks, and nothing to habitat restoration (subplot UC in Fig. 1a). Once the 293 
management budget exceeded $45 million, optimal strategies began to favour increased 294 
proportional investment in habitat restoration and reduced proportional investment in preventing 295 
vehicle collisions and dog attacks. 296 
A stable population growth rate (a rate at which the population is neither increasing nor 297 
decreasing in abundance) is equal to one. A population in decline has a growth rate less than one. 298 
The expected Koala Coast koala population growth rate without any investment in management 299 
action was 0.93. Optimal management strategies with current levels of information improved this 300 
growth rate to 0.955 (± 0.014) with a $5 million budget, and to 0.98 (± 0.015) with a $25 million 301 
budget. The expected growth rate continued to increase very slowly to 0.983 (± 0.016) as the budget 302 
reached $200 million (Fig. 2). Therefore, the Koala Coast koala population is likely to remain in 303 
decline if there is no investment in gaining new information, and $200 million is optimally 304 
allocated between the koala management actions considered in this study.   305 
The resolution of parametric and structural uncertainty had little effect on optimal management 306 
strategies (subplots S1 through S8 in Fig. 1a). Resolving these uncertainties increased the expected 307 
koala population growth rate, but it remained below one for budgets up to $200 million. The benefit 308 
of resolving uncertainty was greatest when the budget was set at $5 million, where it increased the 309 
expected koala population growth rate by 0.04%. The EVPI declined to a practically non-310 
measurable increase in management performance as the budget increased beyond $40 million (Fig. 311 
3). The financial value of information showed the maximum amount of resources worth investing in 312 
resolving parametric and structural uncertainty remained around $85,000 for budgets between $5 313 
million and $40 million. It then rose sharply and remained at around $900,000 between budgets of 314 
$55 million and $200 million (Fig. 3). The financial value of information never exceeded 1.7% of 315 
the management budget. 316 
For budgets between $5 million and $40 million, resolving only structural uncertainty 317 
contributed little to the overall EVPI. Therefore, parametric uncertainty, which accounted for 318 
around 97% of the total EVPI, was more valuable to resolve than structural uncertainty in this 319 
budget range. As the budget level increased, it became more valuable to resolve structural 320 
uncertainty. For budgets of $50 million and above, the resolution of structural uncertainty 321 
accounted for around 70% of the total EVPI, and had a financial value of information of around 322 
$650,000. If a component of structural model uncertainty were to be resolved, it is most valuable to 323 
Maxwell et al. How much is new information worth? 12 
 
gain new information about how habitat cover affects the probability of koalas dying from disease. 324 
For a budget of $50 million, resolving uncertainty about this link accounted for 70% of the total 325 
value of resolving all structural uncertainty and carried a financial value of information of 326 
$393,000.  327 
Reducing the cost of habitat restoration greatly influenced optimal management strategies. 328 
Initially, strategies with and without parametric and structural uncertainty favoured increased 329 
proportional investment in habitat restoration at low budget levels as the action became more cost 330 
efficient. However, there was substantially greater difference between optimal strategies with and 331 
without uncertainty when the cost of habitat restoration was reduced ten thousand fold (Fig. 1b). 332 
The differences between management strategies with and without uncertainty were present until the 333 
cost of habitat restoration was reduced 100,000 fold, at which point the similarity between 334 
strategies with and without uncertainty returned (see Appendix). 335 
The financial value of information had a bell-shaped response to reductions in the cost of habitat 336 
restoration (Fig. 4). The value initially increased, with the rate of increase being higher when 337 
management budgets were larger. The financial value of information peaked at $27 million (for a 338 
budget of $200 million) when habitat restoration was reduced one thousand fold. At this level of 339 
reduction, habitat restoration and preventing dog attacks and vehicle collisions were all similarly 340 
cost efficient. The financial value of information dropped to around $2.5 million for all budget 341 
levels when habitat restoration was reduced one hundred thousand fold, which was similar to the 342 
financial value observed when current, non-reduced costs of habitat restoration were considered in 343 
the analysis.  344 345 
Maxwell et al. How much is new information worth? 13 
 
Discussion 346 
Value-of-information analysis has been used in fisheries management to show the expected 347 
improvement in fisheries yield if management uncertainty was reduced (Forsberg & Guttormsen 348 
2006; Mäntyniemi et al. 2009; Costello et al. 2010). In this management context, yield can easily be 349 
translated into a financial value, which makes the outcomes of value-of-information analysis easy to 350 
conceptualise. However, conservation success is usually measured in ecological terms, and the 351 
financial value of improving performance based on such metrics is difficult to conceptualise and 352 
inescapably subjective. In this study, we develop a method for converting an improvement in an 353 
ecologically relevant conservation metric into a financial value by finding the total investment 354 
required to achieve a similar improvement in ecological performance. Our approach has the 355 
potential to improve the cost efficiency of conservation plans for threatened species or ecosystems. 356 
For budgets below $45 million, it would be inefficient to spend more than $85,000 on resolving 357 
parametric and structural uncertainty because the same expected improvement in population growth 358 
rate could be achieved by spending $85,000 on direct management action now, without allocating 359 
any resources to gaining new information. The financial value of information increased 360 
dramatically to $900,000 when budgets exceeded $45 million. This increase coincided with an 361 
important change in management strategies – investment in habitat restoration. It was not optimal to 362 
invest in habitat restoration when budgets were below $45 million. However, as budgets grew 363 
larger, the ecological gains from preventing vehicle collisions and dog attacks declined (a 364 
phenomena known as diminished marginal returns), and it became necessary to invest in habitat 365 
restoration to continue to drive the population growth rate up. Structural uncertainty was defined 366 
using eight different hypotheses about how habitat affects the probability of koala mortality threats. 367 
With this in mind, it makes sense that once we begin to invest in habitat restoration it becomes more 368 
valuable to know which of these hypotheses most accurately reflects reality.  369 
There is more than one way of reducing the structural uncertainty surrounding Koala Coast koala 370 
management. Using Expected Value of Perfect Partial Information we found that it is most valuable 371 
to learn about how habitat cover affects the probability of koalas dying from disease. Resolving this 372 
link accounted for over 70% of the value of resolving structural uncertainty. Disease is prominent 373 
threat for koalas in the Koala Coast and, at this stage, can only be indirectly reduced through habitat 374 
restoration (Rhodes et al. 2011). Hence, any new research into the Koala Coast koala population 375 
should focus on the link between habitat cover and disease-related mortality, or developing new 376 
management actions that directly impact disease-related mortality. It may also be valuable to gain 377 
new information about uncertainties not explicitly considered in our analysis, such as uncertainties 378 
associated with the social willingness to partake in management actions (Knight et al. 2011) or 379 
uncertainty surrounding the cost of management actions (Salomon et al. 2013).  380 
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We applied our analysis to a highly studied conservation management problem (Dique et al. 381 
2004; Dique et al. 2003; Lee et al. 2011; Rhodes et al. 2011; Ng et al. 2014), which may partly 382 
explain why the value of information was generally low. These previous studies have led to a good 383 
understanding of koala survival and fecundity rates, and the effect of habitat on mortality threats, 384 
and hence management decisions were not sensitive to parametric and structural uncertainty. 385 
Decisions were instead driven by a substantial difference between the cost efficiency of 386 
management actions. In other words, the cost efficiency of habitat restoration was comparatively so 387 
bad that resolving uncertainty would not change the decision to invest in preventing vehicle 388 
collisions and dog attacks initially, until diminished marginal returns from investment in these 389 
actions made it necessary to invest in habitat restoration. This observation is consistent with 390 
previous studies that show how the cost efficiency of management actions can drive optimal 391 
conservation decisions (Bode et al. 2008; Fuller et al. 2010). When the cost of habitat restoration 392 
was reduced to a level that made it similar to preventing vehicle collisions and dog attacks, 393 
management decisions became increasingly sensitive to parametric and structural uncertainty (Fig. 394 
1b) and a substantial increase in the financial value of information was seen (Fig. 4). The 395 
management budget influenced the rate at which this increase occurred, with the financial value of 396 
information peaking later for lower budgets. An explanation for this is that, when budgets were 397 
small, it was not optimal to invest in habitat restoration and a much higher reduction in its cost was 398 
needed before it become optimal to include it in management strategies. More generally, our results 399 
theoretically demonstrate that it is more valuable to resolve ecological uncertainty when 400 
management actions have similar expected levels of cost efficiency in the face of uncertainty, 401 
compared to when there is a large difference in the cost efficiency of management actions. This 402 
property arises because EVPI is piecewise linear convex as a function of uncertainty, with the 403 
junctions occurring where the decision maker is indifferent between two actions (Williams, Eaton 404 
& Breininger 2011); thus the maximum EVPI must occur at a point of indifference.  Although this 405 
result is established in the decision analysis literature, it is a highly relevant observation missing 406 
from the applied ecology literature. If nothing else, it serves as a timely reminder to conservation 407 
decision-makers that it is important to consider the cost efficiency of alternative management 408 
actions when planning monitoring projects.   409 
Several considerations limit the inferences that can be drawn from this study.  First, a scenario 410 
where perfect information is gained can only ever be hypothetical. For this reason, it is important to 411 
remember that results from value-of-information calculations represent the upper bound on any 412 
improvement in management performance (Dakins 1999; Yokota & Thompson 2004). Herein lies 413 
the potential use of Expected Value of Sample Information (EVSI) analysis, which can estimate the 414 
improvement in management performance if a sample of information is gained (Dakins et al. 1996; 415 
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Ades, Lu & Claxton 2004). The results of EVSI analysis are highly relevant to the decision-making 416 
process and future studies demonstrating its use in a conservation management setting would be 417 
beneficial. Second, whilst carrying out value-of-information analysis on the Koala Coast system, we 418 
ignored the time frame of management actions. For example, preventing dog attacks can potentially 419 
be implemented quickly and would be expected to immediately influence koala survival. 420 
Conversely, habitat restoration can take years to develop the habitat structure and complexity (Vesk 421 
et al. 2008) that is needed to increase the survival of threatened tree-dwelling species (Cunningham 422 
et al. 2007). Just as cost efficiency of management actions influenced the value of information in 423 
this study, the time frame of actions may also influence the value of information and there is a clear 424 
need to incorporate these time-dependency issues in future studies. Third, we note that our analysis 425 
considers only the value of information for the management decision at hand. Information may also 426 
be valuable outside the context of the original decision, for example, to similar decisions elsewhere 427 
(Nichols & Williams 2006). New information also has the potential to alter management targets, 428 
especially if targets prior to gaining new information are too weak or ambitious. Fourth, the 429 
population model used in this study assumes no loss in koala habitat into the future (Rhodes et al. 430 
2011). Habitat cover in the Koala Coast has been relatively stable in recent years, but intensive 431 
urbanisation does threaten koala habitat along the Koala Coast (DERM 2010). Optimal strategies 432 
(and hence values of information) might favour increased proportional investment in habitat 433 
restoration if current rates of habitat loss and its effect on koala population growth rates were 434 
incorporated into the analysis. 435 
The method outlined in this study will help expand the use of value-of-information analyses for 436 
conservation problems by providing a more tangible metric by which to evaluate research or 437 
monitoring. We also demonstrate that the value of information is higher when the cost efficiency of 438 
alternative management actions are similar, which serves as an important reminder for conservation 439 
decision-makers. The low value of information illustrated in this koala case study is consistent with 440 
previous literature that favours direct management action over gaining new information (Pauly et 441 
al. 2002; Myers 2003; Field et al. 2004). However, conservation problems exist where gaining 442 
additional new can dramatically improve management performance (Punt & Smith 1999; Costello 443 
et al. 2010; Runting, Wilson & Rhodes 2013). These varying results remind us that the value of 444 
information is case-specific and that uncertainty can have variable effects on the ability to achieve a 445 
management objective. With no blanket conclusions about the value of learning, value-of-446 
information analysis can be used to inform wise conservation investment. 447 
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Tables 605 
 606 
Table 1. Description of the eight alternative population model structures used to describe structural uncertainty, which 607 
is uncertainty about how habitat affects the probability of koala mortality threats in the Koala Coast.  To 608 
calculate Expected Value of Perfect Partial Information, model structures were grouped according to whether 609 
habitat cover affects vehicle-related (S2, S5, S7 and S8), dog-related (S3, S5, S6 and S7) and disease-related 610 
(S4, S6, S7 and S8) mortalities   611  612  613  614  615  616  617  618  619  620  621  622  623  624  625  626  627  628  629  630  631  632  633  634  635  636  637  638  639  640  641  642  643  644  645  646  647  648  649  650  651  652  653  654  655  656 
Model 
structure 
Assumed influence of habitat cover on koala 
mortality threats 
S1 No effect 
S2 Reduces vehicle collisions 
S3 Reduces dog attacks 
S4 Reduces disease 
S5 Reduces vehicle collisions and dog attacks 
S6 Reduces dog and disease 
S7 Reduces vehicle collisions, dog attacks and disease  
S8 Reduces vehicle collisions and disease 
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Figure 1. Optimal koala management strategies. Subplots S1 through S8 represent strategies under different model 
structures, which represent uncertainty about how habitat affects the probability of koala mortality threats. (a) Optimal 
strategies with current costs of habitat restoration in the face of parametric and structural uncertainty (UC), and if these 
uncertainties were resolved (S1 through S8). (b) Optimal koala management strategies with the current cost of habitat 
restoration divided by 10,000 when parametric and structural uncertainty is present (UC) and resolved (S1 through S8).  
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Figure 2. Expected koala population growth rate with current levels of 
information, using the optimal strategy shown in Fig. 1A (UC). The 
expected population growth rate is bounded by an upper and lower 95% 
confidence interval.  
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Figure 3. Expected Value of Perfect Information (EVPI) as budget level increases. EVPI (red line and left y-
axis) represents the expected increase in koala population growth rate if uncertainty about fecundity and 
survival rates, and the effect of habitat on the probability of mortality threats was resolved. The financial value 
of information (green line and right y-axis) represents how much this expected increase in population growth 
rate would cost using management action alone.  
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 723 
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 726 
 727 
 728 
 729 
 730 
 731 
 732 Figure 4. Financial value of information (FVOI) as the cost of habitat restoration is reduced. FVOI 
represents the maximum amount of money worth investing in new information about koala 
fecundity and survival rates, and the effect of habitat on the probability of mortality threats. 
Habitat restoration, and preventing vehicle collisions and dog attacks are similarly cost efficient 
when the cost of habitat restoration is reduced by 1000 and 10,000 times the current price.  
